Plants have a wonderful variety of secondary metabolites which may be change due to environmental factors and stress conditions. Considering the importance of Echium amoenum in Iranian traditional medicine, this study aimed to investigate the effect of abiotic stresses on the possibility of further production of secondary metabolites in the plant. In general, according our research findings, betaaminobutyric acid increased growth indexes. Effect of BABA on secondary metabolites was different. BABA increased plant flavonoids but reduced the tannins. Numerous studies have pointed to the stress effects of this material at high concentrations but the concentrations used in this study increased the plant growth. Nickel in applied concentrations had no significant reduction in plant dry weight but increased the photosynthetic pigments. Ni increased plant flavonoids but reduced the tannins. Nickel and beta-aminobutyric acid at low concentrations, is recommended to use for greater production of secondary metabolites in Echium cultivation.
Ecchium is a perennial plant belongs to Boraginaceae family. Echium genus has 4 species in Iran (Mozaffarian, 1996) and only E. amoenum Fisch & C.A. Mey has medicinal uses (Delorme, 1997) . E. amoenum is a biennial or perennial herb indigenous to the narrow zone of northern part of Iran and Caucasus, where it grows at an altitude ranging from 60-2200 m (3).
It is one of the important medicinal plants in Iranian traditional medicine with local name of Gavzaban (Hooper, 1937) . The petals of plant have long been used as a tonic, tranquillizer, and diaphoretic and as a remedy for cough, sore throat and pneumonia (Zargari, 1996) . The petals of the plant have anthocyanidine (13%), flavonoid aglycons (0.15%) and trace amount of alkaloids (Iranian herbal pharmacopoeia, 2002) , a clear lemonyellow volatile oil (0.05%) with δ-cadinene (24.25%) as the major component (Ghassemi et al., 2003) .
When plants are stressed, secondary metabolite production may increase because growth is often inhibited more than photosynthesis, and the carbon fixed is predominantly allocated to secondary metabolites (Seigler et al., 1998) .The trace metal nickel (Ni) is essential component of urease enzyme, is needed for p l a n t d e v e l o p m e n t . 3 3 H o w e v e r, e l e v a t e d N i concentrations reduce plant growth (Hagemeyer et al., 1999) . The significant decrease in anthocyanin levels due to Ni stress has been reported by Hawrylak et al . Moreover, Ni has been shown to inhibit accumulation of anthocyanins (Krupa et al., 1996) . Trace metals obviously limit anthocyanin biosynthesis by inhibiting activity of l-phenylalanine ammonia-lyase (PAL) (Krupa et al., 1996) . Effective accumulation of metals (Cr, Fe, Zn and Mn) also produced an increase of oil content up to 35% in Brassica juncea 2+ 2+ (Singh et al., 2005) . Cu and Cd have been shown to induce higher yields of secondary metabolites such as shikonin and also on the production of digitalin (Mizukami et al., 1997) .
The nonprotein amino acid β-aminobutyric acid (BABA) plays some roles in plant defense responses. Recent microarray study revealed that BABA enhances mRNA accumulation of abscisic acid (ABA) and ethylene early signaling intermediates . ABA and ethylene are two plant hormones involved in the Arabidopsis stress response (Xiong et al., 2002; van Loon et al., 2006) . These observations, and the fact that many stress-responsive genes were found to be up-regulated by BABA, suggests that this chemical activates a stress response in Arabidopsis .
In the present study, we have investigated the Influence of two abiotic stresses (nickel and BABA) on some on secondary metabolites such as flavonoids and tannins in E. amoenum. 
MATERIALS AND METHODS

Plant material and treatments
Seeds of
Growth parameters
In the initiation of study, four plants were selected and their roots were washed by distilled water. After drying the surface of water, the fresh weight of roots, the aerial parts and the surface of leaves were measured. Then, the aerial parts and the roots were placed in the aluminum foils and they were dried in the oven under the 0 temperature of 55 C for 72 hours. These figures were registered as the first numbers. The final numbers were determined after the accomplishment of the treatments.
Relative growth rate (RGR): It is the main important element of growth analysis because we can evaluate the amount of increased RGR in the plant during the determined time (t -t ) without need to the extent of the 2 1 homogeneous level of the substance as t and t refer to 1 2 the initiation time of treatment and harvest, respectively.
In practice, the average of RGR during this time range " t -1 t " is about: 2 w ,w refer to the plant dry weight in the beginning and 1 2 end of the experiment's period. In general, RGR is
Root / shoot (R/S) ratio: R/S is based on the ratio of dry weight of roots and the aerial parts of the plants and also it is without unit.
Extract preparation
500 g dry sample was coarsely powdered and used for solvent extraction. For sample preparation, 500 g of dried sample were extracted twice with 95% methanol at 25°C for 48 h and concentrated using a rotary evaporator.
Total phenolic content
The total phenolic content was determined by the spectrophotometric method (Kim, 2003) . In brief, a 1 ml of sample (1 mg/ml) was mixed with 1 ml of FolinCiocalteu's phenol reagent. After 5 min, 10 ml of a 7% Na2CO3 solution was added to the mixture followed by the addition of 13 ml of deionized distilled water and mixed thoroughly. The mixture was kept in the dark for 90 min at 23°C, after which the absorbance was read at 750 nm. The TPC was determined from extrapolation of calibration curve which was made by preparing gallic acid solution. The estimation of the phenolic compounds was carried out in triplicate. The TPC was expressed as milligrams of gallic acid equivalents (GAE) per g of dried sample.
Total flavonoid content
Total flavonoid content was determined following a method by Park et al (2008) . In a 10 ml test tube, 0.3 ml of extracts, 3.4 ml of 30% methanol, 0.15 ml of NaNO2 (0.5 M) and 0.15 ml of AlCl3.6H2O (0.3 M) were mixed. After 5 min, 1 ml of NaOH (1 M) was added. The solution was mixed well and the absorbance was measured against the reagent blank at 506 nm. The standard curve for total flavonoids was made using rutin standard solution (0 to 100 mg/l) under the same procedure as earlier described. The total flavonoids were expressed as milligrams of rutin equivalents per g of dried fraction.
Tannin contents
Tannin content in each sample was determined using insoluble polyvinyl-polypirrolidone (PVPP), which binds tannins as described by Makkar et al9. Briefly, 1 ml of extract dissolved in methanol (1 mg/ml), in which the total phenolics were determined, was mixed with 100 mg PVPP, vortexed, kept for 15 min at 4°C and then centrifuged for 10 min at 3,000 rpm. In the clear supernatant the non-tannin phenolics were determined the same way as the total phenolics (Velioglu et al., 1998) .
Statistical analysis
The determinations were conducted in triplicate and results were expressed as mean ± standard error. Statistical analyses were done by one-way ANOVA followed by Dunnet's test with P<0.05 as a limit of significance.
RESULTS AND DISCUSSION
Based on the current findings, nickel treatment decreased the plant fresh weight but has no effect on dry weight but BABA had no significant effect on the fresh and dry weight of plants.
The relative growth in plants treated with BABA was less than the control plants. The relative growth in nickel treatment decreased compared to the control group ( fig.3 ). R/S decreased R/S ratio in Ni treatment but increased in BABA treatment.
Phenol and flavonoid content showed a significant increase in both nickel and BABA treatment compared with the control (fig5, 6). Tannin significantly decreased increased in both nickel and BABA treatment (fig 7. ).
The results of the present study showed that nickel and BABA significantly increase Phenol and flavonoid and have no significant effect on some growth parameters such as dry weight.
Nickel holds a special place among the heavy metals. Unlike Cd, Pb, Hg, Ag, and several other metals that are not the components of plant enzymes, Ni is a constituent of urease, and small quantities of Ni (0.01 to 5g/gdry wt) are essential for some plant species (Gerendas et al., 1997) . In the excluder species, which accumulate Ni mostly in their roots, root growth is inhibited more heavily than the growth of shoots (Seregin, et al., 2003) . The tolerance index, that is the ratio (%) between the root/shoot length of the heavy metal stressed plant and that of the control plant (Sresty et al., 1999) . Beside the root growth, Ni2+ reportedly exerts considerable inhibitory effect on shoot growth and morphogenesis in Phaseolus vulgaris (Piccini et al., 1992) . The mechanisms of inhibition of plant growth and development by Ni2+ are insufficiently clarified. In addition to general metabolic disorder, heavy metals are known to decrease the plasticity of cell walls, prob-ably by direct binding to pectins and by promoting peroxidase activity in the cell walls and intercellular space; these peroxidases are essential for lignification and linkage between extensin and polysaccharides containing ferulic acid (Pandolfini et al., 1992) . Nutrient stress also has a marked effect on phenolic levels in plant tissues.
Recently, the potential relationships between melatonin supplementation and environmental tolerance in plants were Reported (Tan et al., 2007) . In pea plants treated with high levels of copper in the soil. Copper contamination kills pea plant, however, melatonin added to the soil significantly enhanced their tolerance therefore, increased their survival (Tan et al., 2007) . The trace metal nickel (Ni) is essential component of urease enzyme, is needed for plant development (Marshner, 1995) . However, elevated Ni concentrations reduce plant growth (Hagemeyer et al., 1999) . The significant decrease in anthocyanin levels due to Ni stress has been reported by . Moreover, Ni has been shown to inhibit accumulation of anthocyanins.
BABA is known to inhibit root growth . The mitotic activity of the root meristem was evaluated by analysing the promoter activity of the mitotic cyclin CYCB1;1 (DiDonato et al., 2004) . BABA Fig 1. Effect of Ni and BABA on plant fresh weight in Echium Amoenum reduced cell cycle activity of the root meristem. In addition, BABA-treated plants were found to be smaller with a reduced fresh weight. Foliar anthocyanin acts as modulators of stress signals (Steyn et al., 2002) . BABAtreated Arabidopsis accumulated more anthocyanin in the petioles of 4-week-old Arabidopsis compared to the non-treated Control.These results indicate that BABA may stimulate secondary metabolits biosynthesis.
According to this study, Nickel and beta-aminobutyric acid at low concentrations, is recommended to use for greater production of secondary metabolites in Echium cultivation. 
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